In this study, the antifungal fraction of Lycopersicum esculentum Mill. leaves extract was evaluated for its effect against biomass and cell viability of three strains of Aspergillus (Aspergillus fumigatus, Aspergillus flavus and Aspergillus nidulans). The results obtained show a reduction of the RNA concentration representing the biomass with the increase of the antifungal fraction content in the medium. Indeed, the mean of the RNA concentrations in the medium without antifungal fraction were about 113, 83 and 69 times those observed in the medium at 1% of antifungal fraction, respectively for A. nidulans, A. fumigatus and A. flavus. This reduction of the biomass was related to a reduction of the surviving cells with the increase of the antifungal fraction content in the medium. Indeed, the percentage in reduction of Alamar blue indicating cell viability which was 100% in the medium without antifungal fraction for the three strains tested decreased to reach the values of 2.40, 2.67 and 3.52% in the medium at 1%, respectively, for A. nidulans, A. fumigatus and A. flavus after five days of incubation. Thus, L. esculentum leaves extract exhibit a real inhibitory effect against fungi with an ability of killing them.
INTRODUCTION
Fungi are major spoilage agents of crops, foods and feedstuffs. Indeed, according to Akande et al. (2006) , energy, crude protein and crude fat contents of moldy maize may reduce up to 5, 7 and 63%, respectively. Raju and Rao (2004) have reported previously that mold growth reduces all amino acids in diet, particularly lysine and arginine. In addition to this degradation of the nutritional quality of the products infected, some fungi species are capable of producing mycotoxins. These mycotoxins are secondary metabolites produced by fungi which mostly belong to the Aspergillus, Penicillium and Fusarium genera found in both animal feedstuffs and human foods (Steyn, 1995; Binder et al., 2007) . These naturally occurring poisons can have acute or chronic effects on humans and animals and they were recently defined as a major food safety concern (KuiperGoodman, 2004) . In order to protect health of consumers from mycotoxins ingestion, 77 countries have currently imposed regulatory limits for mycotoxins. This can results in undue economic burden on growers. Thus, in addition to this threat to human health, mycotoxins can cause great economic loss.
The Food and Agriculture Organization of the United Nations (FAO) has estimated a worldwide loss of about one billion metric tons of foodstuff per year as a result of *Corresponding author. E-mail: irenekouadio@yahoo.fr. Tel: 00225 07250511. Fax: 00225 22444473.
mycotoxins (Choudhary and Kumari, 2010) . Innovative technologies are urgently needed to reduce the risks of mycotoxin in food and feed. For many years now, it has been clear that the most effective means to prevent contamination of food by mycotoxins is to avoid growth of mycotoxigenic fungi (Bullerman, 1977) .
The primary method of control is the use of chemical fungicides. However, they have become less favored by regulators due to the toxicological risks (Directive 91/414/CEE of the EU, 1991). Also, some of these chemical fungicides do not kill the fungi. They simply inhibit growth for a period of days or weeks (Rouabhi, 2010) . Furthermore, the general public demands a reduced use of chemical preservatives and additives in food and feed (Brul, and Coote, 1999) . Therefore, the use of natural substances capable of inhibiting fungi development and killing them is of a great importance. Indeed, several plants are known to possess antimicrobial activities (Gould, 1996; Friedman et al., 2002) .
Among these plants, there is Lycopersicum esculentum Mill. (tomato), the most important Solanaceae crop grown throughout the world and the second most important vegetable crop in the world in terms of consumption per capita and recognized as a highly valuable and nutritious food (Rick, 1980) . Its leaves contain the steroidal glycoalkaloid (solanine) known to possess antimicrobial properties (Hui et al., 2001 ). Its concentration is about 1 mM (Figen, 2006) . In folk medicine, the leaves extract is used to treat mycosis. No toxicity of this glycoalkaloid (solanine) by contact and inhalation was shown up to now. The toxicity noted was by ingestion in opposite to many chemical fungicides such as pyraclo-strobin and methyl bromide used in agriculture which cause irritation and other toxicological effects by contact and by inhalation even at low concentrations (Iowa Depart-ment of Public Health, 2008) . The toxicity by ingestion of the solanine contained in L. esculentum leaves is observed at concentrations above 200 mg/kg of leaves. In plants, the glycoalkaloids serve as phytoanticipins, providing the plant with a preexisting chemical barrier against a broad range of pathogens (Sandrock and Vanetten, 1998; Hoagland, 2009 ).
Thus, this study was carried out to evaluate the effect of L. esculentum leaves extract on the survival of fungi in order to contribute to the search for alternative natural fungicides in modern fungicides which inhibit fungi without killing them and which cause many toxicological effects on health and environment.
MATERIALS AND METHODS

Materials
In this study, L. esculentum Mill. leaves were used. The culture medium used was the Czapeck Yeast Extract (CY). Three Aspergillus strains (Aspergillus flavus K220fl, Aspergillus nidulans K217ni and Aspergillus fumigatus K320fu from the laboratory of Mycology of Pasteur Institute of Cocody-Abidjan (Ivory Coast) were also used.
Methods
Leaves extract preparation
L. esculentum leaves were dried in the shelter of the sun. These dried leaves were grinded and 30 g of the obtained homogenate were added to 150 mL of 100% ethanol. The mixture was boiled in water bath at 80°C for 1 h under gentle stirring. The resulting mixture was centrifuged at 2000 rpm for 10 min. The supernatant was then filtered through Whatman paper (Kouadio et al., 2011) . The resulting solution was evaporated to dryness under Fume Hood. The residue obtained was dissolved into 15 mL of boiled distilled water and shaken until total dissolution. In order to purify the homogenate obtained and used the fraction containing the antifungal compounds, the method of purification by ethyl acetate was used. This purification of the extract was made by adding to the homogenate obtained, 15 mL of ethyl acetate. The resulting mixture was shaken for 1 min and centrifuged at 2000 rpm for 10 min. Aqueous and ethyl acetate phases were obtained. The ethyl acetate phase was recovered into a new tube. To the remaining aqueous phase, 15 mL of ethyl acetate were added again, shaken and centrifuged as described above. This purification was done three times. The three ethyl acetate phases were put into the same tube and the aqueous phase into another tube and then, these two solutions obtained were dried under Fume Hood. The residues of the aqueous and ethyl acetate phases were dissolved respectively into 15 mL of distilled water and 15 ml of ethyl acetate.
The resulting solutions were then filtrated separately onto 0.20 μm cutoff membranes to eliminate residues which were not dissolved and eventual contaminants. These aqueous and ethyl acetate fractions were evaluated for their antifungal activities. The fraction containing the antifungal compounds was used to evaluate its effect on proliferation and fungi survival.
Evaluation of the antifungal activities of the fractions obtained after purification of the leaves extract by the ethyl acetate method
Each Aspergillus suspension of 10 6 spores/mL was sprayed onto the Czapeck Yeast Extract Agar (CYA) medium by inundation. A disc of 1 cm of diameter was impregnated with 100 μl of each frac-tion of the extract and put onto the medium inoculated. Each medium with impregnated disc was incubated at 30°C for A. flavus and 37°C for A. fumigatus and A. nidulans. The disc around which any fungal growth was observed was identified as the disc impregnated with the fraction containing the antifungal compounds.
Preparation of the tested strains
The Aspergillus strains were sprayed onto the Czapeck Yeast Extract Agar (CYA) for 3 days. The different suspensions of spores were then prepared by scraping the conidiospores into 10 mL of sterilized distillated water and filtered onto sterilized Mira cloth.
The conidia concentration of each strain was determined by counting them in a hemacytometer and appropriate dilution was made to obtain a concentration of 10 6 spores /mL. A quantity of 1 mL of this spore's suspension at 10 6 pores /mL was inoculated into liquid medium of Czapeck yeast extract (CY) of 150 ml for 18 h at 37°C for A. fumigatus and A. nidulans and 30°C for A. flavus under shaking at 250 rpm to obtain the microbial ball. This microbial ball was re-suspended into a new liquid medium of CY of 50 mL. Then, 2 mL of the ball suspension was put into different tubes aseptically (CLSI, 1999) . Then, into each tube, the antifungal fraction was added to obtain concentrations of 0.05, 0.1, 0.5 and 1%. Medium without antifungal fraction was used as control. For each concentration, 3 tubes were used. Then, all the tubes were incubated also at 37°C for A. fumigatus and A. nidulans and 30°C for A. flavus under shaking at 250 rpm. The microbial ball obtained after the incubation time was used for the RNA analysis and for the bioassay analysis (test for the determination of the percentage in reduction of Alamar blue).
Extraction and determination of RNA concentration
After 24 h of incubation, the RNA was extracted. For this RNA extraction, the method of Sánchez-Rodríguez et al. (2008) was used. The culture was put onto a sterilized Mira cloth filter Buchner funnel to separate the medium. The ball was removed from the Mira cloth and put into a tube. In each tube, 250 µl of 0.5 mm Zirconium/Silica beads and 1 ml of Trizol reagent were added. The resulting mixture Kouadio et al. 3 obtained was homogenized into a Mini-Beadbeater at 4°C at maximum speed for 2.5 min. It was then incubated at room temperature for 20 min. A quantity of 200 µl of chloroform was added to the mixture obtained, shaken vigorously for 20 s and centrifuged at 11600 rpm for 10 min at 4°C. The supernatant obtained was transferred into new microfuge tube. To this supernatant, 500 µl of isopropanol were added and mixed by inversion. It was incubated at room temperature for 10 min and centrifuged at 11600 rpm for 10 min at 4°C. Then, the supernatant obtained was removed and the pellet was washed with 1 mL of 70% ethanol made with DEPC-treated water. The mixture obtained was centrifuged again at 11600 rpm for 5 min at 4°C and the supernatant was removed. The resulting pellet was dried at room temperature for 10 min, re-suspended into 50 µl DEPC-water. After extraction according to the method described above, the purified RNA obtained was quickly put onto ice. The RNA concentration was determined by spectrophotometry at a wavelength of 600 nm. The electrophoresis of the RNA was then done on Formaldehyde Agarose Gel to show the RNA bands.
Bioassay analysis
The experiment was conducted over a span of 5 days. After each 24 h of incubation, 700 µl of liquid medium of CY and 300 µl of Alamar blue reagent were added into each tube. The final concentration of the Alamar blue reagent into each test-tube was 10%. Then, the microbial ball with the Alamar blue reagent was incubated at 37°C for 4 h. A liquid medium of CY without the microbial ball but containing Alamar blue reagent was also incubated.
After this incubation time, 100 µl of each suspension was put into separate wells of a micro-plate and the absorbance was monitored at 570 nm using 600 nm as a reference wavelength in an apparatus Bio-Teck ELISA.
Statistical analysis
The statistical analysis of data was done by Analysis of Variance (ANOVA) using 5% level of significance. The statistical package used is IBM SPSS Statistics version 20. Tukey's Multiple Comparison test was used to identify these differences.
RESULTS
The results show that the antifungal compounds derived from L. esculentum Mill. leaves extract are water-soluble compounds. Indeed, no fungal growth was observed around the discs impregnated with the aqueous fraction ( Figure  1 ). With the increases in this antifungal fraction content in the medium, a decrease of RNA concentration representing the biomass in a dose-dependent manner was noted. Indeed, the RNA concentrations which were 3709.50, 38.74.067 and 4758.27 µg/mL in the medium without antifungal fraction, respectively, for A. nidulans, A. fumigatus and A. flavus decreased to reach respectively, the values of 32.80, 46.867 and 69.07 µg/mL in the medium at 1% of antifungal fraction (Figure 2) . It was noted that the reduction of the biomass was influenced significantly by antifungal fraction content in the medium (Table 1 ). The electrophoresis of the RNA showed an absence of RNA bands in the medium at 0.5 and 1% of Means for groups in homogeneous subsets are displayed. Used harmonic mean sample size = 3.000. Homogeneous subsets, Tukey HSD Alamar blue indicating the decreasing of surviving cells for the three strains tested. Indeed, the more the Alamar blue reagent was reduced, the more the percentage of surviving cells was high. The percentage in reduction of Alamar blue which was 100% in the medium without antifungal fraction for the three strains tested was decreased to reach the values of 5.76, 6.16 and 6.73% in the medium at 1% of the antifungal fraction after one day of incubation, respectively for A. nidulans, A. fumigatus and A. flavus (Figure 4) . It was noted that the reduction of the surviving cells was influenced significantly by the antifungal fraction content in medium (Table 2 ). This reduction of the surviving cells was also influenced significantly by the incubation time (Table 3A , B, C). Indeed, from the first day to the fifth day of incubation, the percentage in reduction of Alamar blue indicating surviving cells, decreased to reach the values of 2.409, 2.678 and 3.52% in the medium at 1% of antifungal fraction, respectively for A. nidulans, A. fumigatus and A. flavus (Table 3A , B, C). However, from the fourth to the fifth day of incubation (Table 3A , B, C), no significance difference was observed between the percentages in reduction of Alamar blue whatever the Aspergillus species tested.
DISCUSSION
In this study, the effect of the antifungal fraction of L. esculentum leaves extract on the biomass and the survival of A. nidulans, A. fumigatus and A. flavus was recorded. A significant reduction of the biomass of the three strains of Aspergillus tested was noted with the increase of the antifungal fraction content in the medium. This antifungal fraction exhibited a significant inhibition on proliferation of the three Aspergillus strains with a dosedependent manner. The highest reduction of the biomass was observed in the medium containing 1% of the antifungal fraction which was the highest antifungal fraction content in the medium tested. These results confirm those obtained previously by Hui et al. (2001) which showed that the glycoalkaloid contained in L. esculentum leaves possess antifungal properties. Other previous studies showed also the antifungal activities of the glycoalkaloids.
Indeed, they have shown that the glycoalkaloids inhibited conidia germination (Fewell and Roddick, 1997) . In addition to molds, the inhibitory effect of the glycoalkaloids on yeasts has also been shown (Wang et al., 2000) . This could explain why in plants, the glycoalkaloids serve as phytoanticipins, providing the plant with a preexisting chemical barrier against a broad range of pathogens (Sandrock et al., 1998; Hoagland, 2009) . At this concentration of 1% of antifungal fraction content in the medium, the RNA of the strains tested seems to be damaged as an absence of RNA bands was observed on the Formaldehyde Agarose Gel Electrophoresis. These results could confirm those obtained by Hoagland in 2009 which showed that the glycoalkaloids antifungal activity is believed to be their interaction with sterols in plant pathogen membranes, causing a loss of the membrane integrity and cell lysis. This loss of the membranes due to the glycoalkaloids effect was also shown by Steel and Drysdale (1988) and Keukens et al. (1995) . Indeed, these authors have shown that the glycoalkaloids act via disruption of membranes, followed by the leakage of electrolytes and depolarization of the membrane potential. This reduction of the biomass when the extract content increased in the medium could be explained by the death of the fungi cells. Indeed, the more the antifungal fraction content in medium was high, the less the Alamar blue reagent was reduced. This less reduction of the Alamar blue reagent indicating a low rate of surviving cells was observed also in the medium at 1% of the antifungal fraction. This reduction of surviving cells decreased during the incubation time and became stable from the fourth day of incubation. The reduction of surviving cells was observed already in the medium at 0.05% of the antifungal fraction. This indicates that the minimum killing concentration could be at this value.
Conclusion
Regarding the obtained results, we can conclude that the antifungal compounds of L. esculentum leaves could be proposed as an effective and powerful antifungal agent against fungi proliferation with an ability of killing them. It highlights the discovery of natural substances for the research in alternative chemical fungicides that inhibit fungal growth without killing them. The highest inhibition of fungi proliferation and the lowest percentages of reduced Alamar blue reagent indicating the lowest rates of viable cells were observed in the medium at 1% of antifungal fraction. At this concentration, the RNA of the strains tested was damaged. These results suggest the use of the antifungal fraction of L. esculentum leaves extract at the concentration of 1% or above as a natural fungicide in alternative chemical fungicides which cause environmental and health risks. This antifungal fraction of L. esculentum leaves extract could also be used for the prevention of the rottenness of crops. Means for groups in homogeneous subsets are displayed. Used harmonic mean sample size = 3.000. Homogeneous subsets; Tukey HSD. Table 3C . Effect of incubation time on cell viability of A. flavus grown in the medium at 0, 0.05, 0.1, 0.5 and 1% of antifungal fraction of Lycopersicum esculentum leaves extract. Means for groups in homogeneous subsets are displayed. Used harmonic mean sample size = 3.000. Homogeneous subsets; Tukey HSD.
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